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JET can address key physics issues for predicting and 
designing future tokamaks 

• Largest tokamak in use and 

currently the only one 

capable of handling tritium 

• ITER-like first wall (ILW): W 

divertor and Be walls 

• Recently enhanced heating 

and diagnostics (including 

for fast particles) 

• Burning plasma physics 

during D-T campaigns 

• Isotope physics with H,D,T 

and mixtures JET: BT=4T, R=2.96m, a= 0.96m, 
PNBI=32MW, PICRH=12MW 



• Plasma Wall Interaction  

• ITER integrated scenarios  

• Isotope effects on T&C  

• T-cycle 

- fuelling, retention, 

migration, recovery, dust 

• a-particle physics 

• Fusion technology  

- calibration, materials 

under 14MeV neutrons, 

code validation 

 

 JET = D-T burning plasma + ITER-Like Wall  

[Mantsinen EPS Conf. 2017] 

Challenging target for DTE2: 15MW/5s fusion power 
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Disruption Mitigation Studies for ITER 

                    Disruptions is a Challenge for ITER 

• Operate ITER Disruption Mitigation Systems as on ITER  

• Test ITER disruption avoidance, predictors and control  

• Disruption avoidance by controlling MHD modes  

• Disruption mitigation scheme with ITER-like  system 
Installation of SPI on JET (under 
international collaboration)   



Priorities for JET programme 2018-2020 

 Objective 1: Prepare scenarios for sustained fusion performance and a-
particle physics 

 Objective 2: Determine the isotopes dependence of H-mode physics, SOL 
conditions and fuel retention 

 Objective 3: Quantify the efficacy of SPI versus MGI on runaway and 
disruption energy dissipation and extrapolate to ITER 

 

Other physics issues essential for the exploitation of the JET T & DT campaigns and for 
extrapolation to ITER 
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Results from last campaigns 

• L-H transition 

• Particle transport in core and SOL  

• Heat and momentum transport in core and SOL 

• Global confinement 

 

2018-2019 JET campaigns 

• New experiments and tasks addressing isotope 

effects on transport and confinement 

• Conclusion 
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L-H threshold studies with isotopes 

J. Hillesheim 



L-H threshold studies with isotopes 

J. Hillesheim 

…. Plasma composition matters … what is the impact   of e.g. seeded impurities on      
L-H threshold?  
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Dependence of fuelling on isotopes 

New: Strike point sweeping works only in tile 5 configuration 

Different GIMS lead to different edge 
modulation response 

NEW: systematic study of fuel transport mechanisms at SOL/edge boundary  



Dependence of fuelling on isotopes 

Analysis ongoing: the dependence of fuelling on isotopes is still not 
characterised. New experiment planned for 2018 (M18-24) uses experience 
developed to provide the necessary information 



Dependence of fuelling on isotopes - pellets 

M. Valovic 



Dependence of fuelling on isotopes - pellets 

Y. Baranov 



Density peaking at different collisionalities 

 ..and in mixed isotope plasmas? 

T. Tala 



Density peaking at different collisionalities 

A. Czarnecka 



Density peaking at different collisionalities 

M. Valisa 



A. Huber et al., Nucl. Fusion 57 (2017)  

 The density limit is not related to an 

inward collapse of the hot discharge 

core induced by overcooling of the 

plasma periphery by radiation.  

 It was observed in D- and H-plasmas 

that neither detachment, nor the X-point 

MARFE itself, do trigger the H-L 

transition and that they thus do not 

present a limit on the plasma density.  

 The DL shows a strong dependence on 

the isotopic mass effect, the DL is up to 

35% lower in the H-plasma than in the 

deuterium plasma.  

 The density limit in H mode on JET-ILW 

is nearly independent of the power 

The measured Greenwald fractions are 

found to be consistent with the 

predictions from a theoretical model 

based on MHD instability theory in the 

near-SOL. 

H-mode density limit 
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Heat transport in D and H 

Dedicated core transport studies are performed in L-mode (avoid ELM/pedestal 
complexity) – 3 identical L-mode plasmas have been obtained/ analysed 

P. Mantica 



Heat transport in D and H 

P. Mantica 



Heat transport in D and H 

Different turbulence regime in  

Identity H and D plasmas 

 

More experiments proposed in 2018 -  
2019 

P. Mantica 



Energy fluence to divertor 

M. Faitsch 

Energy fluence: differences 
between H and D 



Momentum transport – Intrinsic rotation 

F. Nave 
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Isotope dependence of global confinement 

L-mode 
C. Maggi 
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L-mode 

C. Maggi 



Isotope dependence of global confinement 

L-mode 
C. Maggi 



Isotope dependence of global confinement 

… Fast ion energy different in H and D 

C. Maggi 



Isotope dependence of global confinement 

… Heat and particle sources are different 
in H and D -> exp proposals 

C. Maggi 



Global confinement in mixed isotopes plasmas 

D. King 
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2018-2019 JET experiments and tasks 
 
 • M18-13 - H/He mixtures for non-active phase of ITER operation 

• M18-14 - Isotope effects on L-H transition power threshold 
• M18-15 - Access to type-I ELMs with reduced torque 

J. Hillesheim 



L-H transition modelling XGC 

Impact of neutrals on turbulence has been 
documented in a recent paper by Stotler 
 
D.P. Stotler  et al 2017  Nucl. Fusion 57 086028 
 
Different isotopes have different neutral 
distribution due to differences in the ionization 
cross section.  Simulations of ETB / SOL 
turbulence with different isotopes is crucial to 
understand JET results. 
 
 

XGC results show that turbulent Reynolds-stress  act 
in concert with neoclassical orbit loss to quench 
turbulent transport and form a transport barrier just 
inside the last closed magnetic flux surface. 
Differences with isotopes and mixed species? 
 
C. S. Chang et al, PRL 118, 175001 (2017) 
  



Neutrals & pedestal 
• M18-16 - Impact of neutrals and impurities on SOL and pedestal 
• M18-17 - Power width scaling and ELM losses at high current 
• M18-18 - Determine W source including ELM, RF and isotope effects 
• M18-20 - Dependence of pedestal structure on fuelling at constant 

beta 
• T17-05 - Pedestal analysis and isotope effect 
• T18-02 - Scrape-off layer and SOL-pedestal interaction  

2018-2019 JET experiments and tasks 
 
 



Modelling of SOL width with XGC 

Collaboration JET/PPPL 
 
C.S. Chang  et al, Gyrokinetic projection of the divertor heat-flux width from present 
tokamaks to ITER, 2017 Nucl. Fusion 57 116023 
 

JET plasma profiles 
from JINTRAC 
 
Work ongoing 



• M18-19 - Isotope effects 
on confinement and 
transport 

• M18-21 - Confinement 
and transport in mixed 
isotope plasmas 

• M18-22 - Electron and 
ion threshold and 
stiffness in pure and 
mixed isotopes 

• M18-23 - Rotation shear 
effect on ion transport 
with different isotopes  

• M18-24 - Particle 
transport in pure and 
mixed isotopes 

• M18-25 - Pellet injection 
for ELM pacing and 
isotope ratio control 

• T18-03 - Transport 
modelling with isotopes 
(T17-04  & T17-10) 

 
Not yet investigated: plasmas with Ti/Te ≠ 1, 
plasmas with high content of fast particles 

2018-2019 JET experiments and tasks 
 
 



TRANSP and databases 

• Interpretative and predictive transport modelling using TRANSP: DT 
predictions  (D. King et al), model validation (Hyun Tae Kim et al), 
impact of NTM (F. Poli et al), alpha heating (R. Budny et al) 

 
• Use of BEAST in the JET control room in 2018 
 
• Review of ITER scaling law (S. Kaye) 
 

Hyun-Tae Kim  et al 2017 Nucl. Fusion 57 066032 
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Isotope effects on Transport and Confinement 



Conclusion 

• The JET 2020 program* will address key physics issues of operating with different 

and mixed hydrogen isotopes 

• The joint US/EU exploitation of the SPI on JET will provide crucial answers to ITER 

for disruption control (formal agreement between EU/ITER/DOE) 

• The 2019 T campaign* will provide essential information for the predictions to D-T 

performance and for ITER  

 

• D-T operation in 2020* will allow to demonstrate steady fusion power  in the ILW 

environment 

• Demonstration of W control and prevention of accumulation along with fuel mix 

control    

• Alpha physics will be uniquely addressed and we will have the chance to 

demonstrate alpha heating before ITER operation  

 

• PPPL  collaborators are welcome to participate in existing official collaborations 

(upon submission of a workplan). Any new topics of collaborations need approval 

from EUROfusion** (contact the JET TFLs at JET1-TFL@euro-fusion.org).  

 

*Pending agreement on resources beyond 2018.  **No JET internationalization 

 


